Postpartum infections of the endometrium and metritis are common causes of delayed conception and infertility in cattle. These infections are characterized by inflammation of the endometrium and secretion of the chemokine interleukin 8 (IL8), which attracts granulocytes to the endometrium. Bovine herpesvirus 4 (BoHV-4) is tropic for the endometrium and the only virus consistently associated with postpartum metritis. The BoHV-4 Immediate Early 2 (IE2) gene is the first viral gene transcribed by host cells after infection, and the IE2 gene product, ORF50/Rta, transactivates host cell genes. The present study tested the hypothesis that ORF50/Rta transactivates the IL8 gene promoter during BoHV-4 infection of bovine endometrial stromal cells (BESCs). Infection of primary BESCs with BoHV-4 stimulated IL8 gene promoter activity and IL8 protein secretion. However, IL8 production was dependent on the transcription of viral genes, because psoralen/ultraviolet crosslinking of the viral DNA abrogated the response to BoHV-4 infection. Furthermore, IL8 promoter serial deletion analysis revealed a specific region responsive to ORF50/Rta. These observations may represent an endometrial defense mechanism against viral infection or a virulence mechanism by which viral replication stimulates chemokine secretion to attract more susceptible host cells to the endometrium.
INTRODUCTION
Bos taurus and particularly dairy cattle are prone to uterine infection and disease after parturition [1] . Metritis (pelvic inflammatory disease) affects up to 40% of animals postpartum, and endometritis persists in approximately 20% of animals for more than 3 wk, causing infertility and economic loss. It is assumed that the majority of uterine disease is associated with bacterial infections, probably because a wide range of bacteria are easily isolated from the uterine lumen [1] [2] [3] [4] [5] [6] [7] . Virus isolation or serology is less convenient and, therefore, is rarely considered when uterine disease is investigated. However, when such investigations are carried out, bovine herpesvirus 4 (BoHV-4) has been most consistently associated with uterine disease in postpartum cattle. The first isolation of BoHV-4 from a case of bovine metritis was reported in 1973 [8] . Postpartum metritis has also been associated with BoHV-4 in the United States [9] , Spain [10] , and Serbia [11] . Several other isolates were associated with reproductive disorders [12] , and BoHV-4 seroprevalence was associated with postpartum metritis and chronic infertility in cattle [13] . However, the pathogenesis of BoHV-4 infection in the uterus is not known.
Many cattle are persistently infected with BoHV-4, and the virus often remains latent in macrophages. A model of pathogenicity has been postulated based on bacterial coinfection recruiting macrophages that are often persistently infected with BoHV-4 from the bloodstream to sites of inflammation in the endometrium, leading to activation of viral replication [1, [14] [15] [16] . Indeed, the BoHV-4 Immediate Early 2 (IE2) gene promoter is transactivated in a concentration-dependent manner in bovine stromal cells treated with prostaglandin E 2 (PGE), Escherichia coli, or E. coli lipopolysaccharide (LPS) to produce the viral IE2 gene product ORF50/Rta [1, [14] [15] [16] . Indeed, viral replication was reactivated in macrophages latently infected with BoHV-4 when they were cocultured with endometrial stromal cells. A vicious circle was suggested, with bacterial endometritis leading to secretion of PGE and then stimulation of viral replication by PGE and LPS, which causes further endometrial tissue damage and inflammation [1, [14] [15] [16] . Despite evidence for the involvement of BoHV-4 in the pathogenesis of metritis, the mechanisms linking BoHV-4 infection and endometrial inflammation are not clear. The most obvious viral gene to consider for this mechanism is IE2, because this is the first gene expressed by BoHV-4 after infection of host cells [17] . The IE2 gene product ORF50/Rta, which is homologous to Epstein-Barr virus replication and transcription activator, is encoded by open reading frame 50 (ORF 50) [18] . Studies of different gammaherpesvirus demonstrated that the expression of ORF50/Rta can transactivate host gene promoters as well as viral promoters [19, 20] .
The chemokine interleukin 8 (IL8) is important for attracting granulocytes, such as macrophages and neutrophils, to sites of infection [21] . Endometritis is associated with increased expression of IL8 mRNA in the endometrium, and the disease can be reproduced by intrauterine infusion of exogenous IL8 protein in cattle [22, 23] . Interleukin 8 is a member of the CXC chemokine family and is an important chemoattractant for neutrophils associated with a wide variety of inflammatory diseases [21] . IL8 is also a key mediator for production of cytokines, phagocytosis, generation of reactive oxygen species, and regulation of cell survival as well as angiogenesis. The secretion of IL8 is regulated primarily at the gene level [24] . The IL8 transcriptional responses to proinflammatory mediators are rapid and require only 100 nucleotides of 5 0 -flanking DNA upstream of the TATA box [25] . A notable feature of IL8 is the variation of its expression levels. In healthy tissues, IL8 is barely detectable, but it is rapidly induced by 10-to 100-fold in response to proinflammatory cytokines, bacterial or viral products, and cellular stress [26] . The present study tested the hypothesis that ORF50/Rta directly or indirectly transactivates the IL8 gene promoter during BoHV-4 infection of bovine endometrial stromal cells (BESCs). The experiments showed that IL8 promoter was up-regulated in BESCs following BoHV-4 infection, IE2 gene expression, and production of ORF50/Rta.
MATERIALS AND METHODS

Endometrial Cell Isolation and Primary Cultures
Bovine uteri from postpubertal, nonpregnant, BoHV-4 serum-negative animals with no evidence of genital disease were collected at a local abattoir immediately after slaughter and kept on ice until further processing in the laboratory. The physiological stage of the reproductive cycle for each genital tract was determined by observation of the ovarian morphology [27] . Genital tracts with an ovarian stage I corpus luteum were selected for endometrial cell isolation and culture, and only the horn ipsilateral to the corpus luteum was used, as previously described [28] . Briefly, the endometrium was cut into strips and placed into serum-free RPMI-1640 (Sigma) supplemented with 50 IU/ml of penicillin, 50 lg/ml of streptomycin, and 2.5 lg/ml of amphotericin B (Sigma), working under sterile conditions. The strips were then chopped into 1-mm 3 pieces, then placed into Hanks balanced salt solution (HBSS; Sigma) and used as previously described [29] with the following modifications: Briefly, tissue was digested in 25 ml of sterile filtered digestive solution, which was made by dissolving 50 mg of trypsin III (Roche), 50 mg of collagenase II (Sigma), 100 mg of bovine serum albumin (Sigma), and 10 mg of DNase I (Sigma) in 100 ml of HBSS without phenol red (Sigma). Following a 1.5-h incubation in a shaking water bath at 378C, the cell suspension was filtered through a 40-lm mesh (Fisher) to remove undigested material, and the filtrate was resuspended in washing medium comprised of phenol red-free HBSS containing 10% fetal bovine serum (FBS; Sigma) and 3 lg/ml of trypsin inhibitor (Sigma, Milano, Italy). The suspension was centrifuged at 100 3 g for 10 min, and after two further washes in washing medium, the cells were resuspended in RPMI-1640 containing 10% FBS, 50 IU/ml of penicillin, 50 lg/ml of streptomycin, and 2.5 lg/ml of amphotericin B (all from Sigma). The cells were plated at a density of 1 3 10 5 cells in 2 ml/well using 24-well plates (Nunc). To obtain separate stromal and epithelial cell populations, the cell suspension was removed 18 h after plating, which allowed selective attachment of the BESCs [30] . The purity of stromal and epithelial cells was verified by function assays and by histology, and the absence of immune cells was confirmed by RT-PCR for the CD45 panleukocyte marker, as previously described [28] . The culture media was changed every 48 h until the cells reached confluence. All cultures were maintained in a humidified incubator at 378C with 5% CO 2 in air.
Cell Lines and Viruses
Madin-Darby bovine kidney (MDBK; American Type Culture Collection CCL-22) and bovine embryo kidney (BEK; from M. Ferrari, Istituto Zooprofilattico Sperimentale, Brescia, Italy) cell lines were cultured in Dulbecco modified essential medium (DMEM; Sigma) containing 10% FBS, 2 mM of L-glutamine, 100 IU/ml of penicillin, 100 lg/ml of streptomycin, and 2.5 lg/ml of amphotericin B. Plates or flasks were incubated in a humidified atmosphere at 378C with 5% CO 2 in air. The BoHV-4-U, BoHV-4-Movar, BoHV-4-DN599, and BoHV-4-DN599 viruses were propagated by infecting confluent monolayers of MDBK or BEK cells at a multiplicity of infection (MOI) of 0.5 and were maintained in minimal essential medium (MEM; Sigma) with 2% FBS for 2 h. The medium was then removed and replaced with fresh MEM containing 10% FBS. When approximately 90% of the cell monolayer exhibited the cytopathic effect approximately 72 h postinfection, the virus was prepared by freezing and thawing cells three times and pelleting the virions through 30% sucrose, as described previously [31] . Virus pellets were resuspended in cold MEM without FBS, and tissue culture infective dose 50 values were determined using MDBK cells by serial dilution.
Plasmids
To test the involvement of the IL8 gene at the transcriptional level, a series of constructs were generated: pIL8-luc was obtained by subcloning the 2030-bp IL8 bovine promoter, amplified by PCR from MDBK cells, using the primers MluI-IL8p-sense and XhoI-IL8p-antis2 (listed in Table 1 ) containing a MluI and a XhoI restriction site at the 5 0 and 3 0 end, respectively; in MluI/XhoIdigested pGL3basic. p2xCMVeIE2neo was obtained by first subcloning the 231-bp NdeI/BglII fragment of the hCMV enhancer promoter from pEGFP-C1 by PCR, using the primers CMV-sense and CMV-BglII-antisense (Table 1) , and then the 438-bp BglII/HindIII fragment of hCMV enhancer promoter from pEGFP-C1, using the primers CMV-BglII-Sense and CMV-HindIII-Antisen, in pIE2neo (Table 1) , obtained by subcloning the 3442-bp EcoRI/PstI fragment of BoHV-4 IE2 [17] in pEGFP-C1, cut with EcoRI/PstI, and used as a vector backbone. pORF73-luc was obtained by subcloning the 1000-bp BoHV-4 ORF73 promoter, amplified by PCR using the primers KpnI-ORF73-sense and NheI-ORF73-anti, in pGL3basic, cut with KpnI/NheI, to directly drive the expression of a luciferase reporter gene. The 1721-bp luciferase gene was excised from pGL3 basic, cut with XbaI and NheI, and inserted in pV5 (kindly provided by Ilona S. Skerjank, Department of Biochemistry, Microbiology, and Immunology, University of Ottawa, Ontario, Canada), SmaI cut and bluntended, to obtain pPGK-luc. pSV40-Luc was obtained by inserting the 345-bp amplicon of the SV40 promoter, amplified by PCR from pEGFP-C1 with the primers BglII-SV40p-sens and HindIII-SV40p-antis (Table 1) , in pGL3 basic (Promega), cut with BglII/HindIII.
To examine the effect of ORF50/Rta on IL8 protein production and activation of the IL8 promoter, a series of IE2 plasmids were generated. pCMV-ORF50-IRES-neo or -hygro were obtained by subcloning a 1669-bp NheI/ BamHI fragment, amplified by PCR from BoHV-4 DNA using a forward primer containing an atg translational initiation codon and matching the start of the ORF 50 second exon (Full-IE2-sense-NheI; Table 1 ), and a reverse primer matching the end of the second exon including the stop codon (Full-IE2-antiBamHI; Table 1 ), into the multiple cloning site of bicistronic vectors pIREShyg2 or pIRESneo2 (Clontech). p2XCMVe-ORF50-IRES-neo was obtained by subcloning the IE2 basic promoter and the dimerized CMV enhancer from p2xCMVeIE2neo in pCMV-ORF50-IRES-neo, using the primers MluI-2xCMVsense and NheI-2xCMVanti (Table 1) ; the amplified fragment was cut with MluI/NheI and than subcloned into pCMV-ORF50-IRES-neo cut with MluI/NheI to excise the CMV promoter. pCMV-ORF50/ mCherry was obtained by subcloning the ORF 50 in-frame with the living color protein mCherry. ORF 50 was PCR amplified with the primers Full-IE2-senseNheI and IE2N1SalI-anti (Table 1) , NheI/SalI digested, and inserted in pCMVmCherry vector (Clontech) cut with NheI/SalI to obtain oCMV-ORF50/ mCherry.
To determine which parts of the IL8 promoter are important for the response to ORF50/Rta, a series of deletions and modifications of the IL8 promoter were made. To delete 1236 bp at the 5 0 of IL8 promoter, pIL8-Luc was cut with KpnI and self-ligated to obtain pIL8-764-Luc. Starting from pIL8-Luc, several other constructs were generated to identify the region of the IL8 promoter responsive to ORF50/Rta: pIL8-575-luc, pIL8-350-luc, pIL8-305-luc, pIL8-260-luc, pIL8-215-luc, pIL8-170-luc, and pIL8-124-luc were obtained by subcloning the fragment of 575, 350, 305, 260, 215, 170 and 124 bp, respectively, amplified by PCR from pIL8-Luc using the following primers, respectively: MluI-IL8-604 andf XhoI-IL8p-antis2, MluI-IL8-379 and XhoI-IL8p-antis2, MluI-IL8-334 and XhoI-IL8p-antis2, MluI-IL8-289 and XhoI-IL8p-antis2, MluI-IL8-244 and XhoI-IL8p-antis2, MluI-IL8-199 and XhoI-IL8p-antis2, and MluI-IL8-154 and XhoI-IL8p-antis2 ( Table 1) . The amplicons were cut with MluI/XhoI and subcloned in pIL8-luc, cut with the same enzymes. pIL8-D135-luc was obtained by subcloning the first 1741 bp of the IL8 promoter, amplified from pIL8-Luc with the primers MluI-IL8p-sense and 795delta135anti, in pIL8-124-luc, cut with MluI. pIL8-For-SV40-luc, pIL8-Rev-SV40-luce, and pIL8-Tandem-SV40-luc were obtained by subcloning the putative IL8-ORF50/Rta 165-bp responsive element in pSV40-luc, cut with BglII. The enhancer was amplified by PCR from pIL8-Luc using two 5 0 -phosphorylated primers: IE2-ReEI-senseP and IE2-ReEI-antiP.
All fragments obtained by PCR were amplified with the following PCR conditions: 35 cycles, with each cycle consisting of denaturation at 948C for 1 min, primer annealing at 558C for 1 min, and chain elongation with High Fidelity PCR Enzyme Mix (Fermentas) at 728C for 2 min. PCR amplification was carried out in a final volume of 50 ll, containing 0.2 mM deoxynucleoside triphosphate and 0.25 lM of each primer. In the first cycle, the samples were denatured at 948C for 5 min, and in the last cycle, the extension step was increased to 7 min. 920 DONOFRIO ET AL.
RT-PCR Protocol
Total RNA from BESC cells was extracted with TriPure reagent (Roche), and 5 lg of total RNA were reverse transcribed using Ready-To-Go, T-Primed First-Strand Kit (Amersham Biosciences). Two microliters of reversetranscribed RNA were amplified over 35 cycles, with each cycle consisting of denaturation at 948C for 1 min, primer annealing at 558C for 1 min, and chain elongation with 1 U of Pfu DNA polymerase (Fermentas) at 728C for 30 sec. PCR amplification was carried out in a final volume of 50 ll of 10 mM Tris-hydrochloride (pH 8.3) containing 0.2 mM deoxynucleotide triphosphates, 3 mM MgCl 2 , 50 mM KCl, and 0.25 lM of each primer. To amplify 306-nt IL8 cDNA, a primer sense matching the 5 0 of the first exon of IL8 cDNA, NheIIL8mRNA-sense, and a reverse primer matching the 3 0 of the fourth exon of IL8 cDNA, BamHI-IL8mRNA-antis, were used. As a control, the 120-nt Bovine GAPDH housekeeping gene was also amplified as internal control of the PCR reaction using the primers Bovine-GAPDH-sense and Bovine-GAPDH-anti (Table 1) .
Measurement by ELISA
The concentrations of IL8 were measured in cell-culture supernatants using a human IL8 ELISA kit (R&D Systems, Inc.), according to the manufacturer's instructions, in which the antibody pairs have been previously shown to crossreact with bovine IL8 [32] .
Psoralen Treatment of the Virus
Viral inactivation was performed as previously described [33] . Briefly, 2 3 10 6 viral plaque-forming units were incubated in 1 ml of MEM containing 5 lg/ml of psoralen (trioxsalen, 49-aminomethyl-HCl; Sigma) and incubated on ice in a 35-mm plastic Petri dish for various periods of time under ultraviolet (UV) light (302 nm, 0.12 A, UVM-57 lamp; Applietek) at a distance of 5 cm. The efficiency of viral inactivation was monitored for each preparation by titration of residual infectivity on permissive MDBK cells [33] . 
Transient Transfection
Confluent BESCs in 24-well plates were cotransfected with reporter and/or effector plasmids using LTX transfection reagent (Invitrogen) prepared in DMEM without serum and antibiotics and left on the cells in a humidified incubator for 6 h at 378C with 5% CO 2 in air. The transfection mixture was replaced with complete medium (RPMI-1640, 10% FBS, 50 IU/ml of penicillin, 50 lg/ml of streptomycin, and 2.5 lg/ml of amphotericin B) for 18 h before the cells were treated with the viruses and than analyzed for luciferase reporter assay.
Luciferase Reporter Assay
Luciferase reporter assays were performed using a Dual Luciferase Reporter Assay System Kit (Promega) with minor modifications. Following treatment, cells were washed with PBS and lysed with 100 ll of lysis passive buffer by freeze-thawing at 808C. Then, 20 ll of the cell lysate were added to 50 ll of luciferase assay reagent, and luciferase activity was determined with a Victor 3 Multilabel Counter (PerkinElmer) according to the manufacturer's instructions. Individual assays were normalized against the Renilla luciferase activity with a second reading, adding 50 ll of Stop & Glo substrate (Promega).
Statistics
Experiments were performed with four replicates at each time point, and each experiment was repeated three times. Data were analyzed using ANOVA. Results are reported as the mean 6 SD, with significance attributed when P , 0.05.
RESULTS
Endometrial Stromal Cells Produce IL8
Bovine endometritis is associated with increased expression of IL8 in the endometrium, and the disease can be reproduced by intrauterine infusion of exogenous IL8 [22, 23] . So, the first step was to determine if stromal cells purified from the endometrium expressed IL8 gene transcripts and whether any basal secretion of IL8 protein occurred. Indeed, basal accumulation of IL8 protein was found in the supernatant of cultured BESCs, and in a time-dependent manner (Fig. 1A) . Furthermore, the BESCs expressed gene transcripts for IL8 (Fig. 1B) .
Infection of Endometrial Stromal Cells with BoHV-4 Increases IL8 Production
Because BoHV-4 is highly tropic for the bovine endometrium and replicates in BESCs [16] , the effect of BoHV-4 infection on IL8 production was investigated. Accumulation of IL8 was detected in supernatants 24 and 48 h after BESCs were challenged with BoHV-4 at an MOI of 1 ( Fig. 2A) , Furthermore, when supernatants were analyzed at 24 h after infection with different doses of BoHV-4, IL8 accumulated in the BESC supernatants in a BoHV-4 dose-dependent manner (Fig. 2B) . However, BoHV-4 infection of endometrial epithelial cells did not significantly increase IL8 production (data not shown).
Induction of IL8 Secretion by BESCs Is Not BoHV-4 StrainDependent but Requires BoHV-4 Gene Expression
To estimate the conservation of IL8 induction by BoHV-4 strains, BESCs were challenged for 24 h with different laboratory and field strains of BoHV-4, as determined by distinct restriction profiles [34] . However, the accumulation of 
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IL8 in the supernatants of BESCs did not differ significantly between the four BoHV-4 strains (Fig. 3A) . To determine whether BoHV-4 gene expression and replication is required for induction of IL8 in BESCs, BoHV-4 virions were treated with a psoralen compound and exposure to UV light. This treatment provokes DNA cross-linking in the viral genome without interfering with viral structural proteins [35] , although total inhibition of BoHV-4 gene expression requires longer UV exposure to cause cross-linking throughout the entire viral genome [33] . Infection of BESCs with BoHV-4 treated with psoralen and UV light for 8 min prevented the induction of IL8 secretion (Fig. 3B) . So, viral genes expressed early in the process of viral replication are most likely to stimulate IL8 production by host cells.
Cloning of Bovine IL8 Promoter
To further investigate the mechanism linking BoHV-4 gene expression and BSEC IL8 secretion, it was necessary to clone the 2-kb IL8 promoter from bovine genomic DNA. Starting from bovine IL8 precursor, mapped on B. taurus chromosome 6 (http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?tax id¼9913&chr¼6&query¼uid(207248,3567299)&QSTR¼ 280828%5Bgene%5Fid%5D&maps¼gene_set&cmd¼focus), two primers spanning a 2-kb DNA sequence, containing the putative IL8 gene promoter upstream of the IL8 translational start codon (NM_173925.2) and the first 30 bp of the 5 0 untranslated region were generated (Fig. 4A) . Using bovine genomic DNA from different sources as a template, the predicted 2030-bp amplicon was generated by PCR and verified first by HindIII, PstI, and KpnI restriction enzyme analysis and then by sequencing (Fig. 4B) . Amplicon sequences from templates of different origin were identical to each other and to the published sequence. To be able to quantify IL8 promoter activation at the transcriptional level, a luciferase reporter construct (pIL8-Luc) was generated by subcloning the 2030-bp IL8 promoter in front of a pGL3 luciferase reporter vector.
BoHV-4 Induction of IL8 in BESCs Is Transcriptionally Regulated
To determine if the IL8 promoter is activated at the transcriptional level by BoHV-4 infection, BESCs were transfected with the pIL8-Luc luciferase reporter construct or pGL3 empty vector, as a negative control, and then infected with BoHV-4. At an MOI of 1, BoHV-4 induced IL8 promoter activity in a time-dependent manner (Fig. 5A) . Furthermore, BoHV-4 induced promoter activity in a dose dependent manner when measured 24 h after infection (Fig. 5B) . Longer time periods or increased viral doses were not investigated because BoHV-4 causes a strong cytopathic effect. Data were normalized as fold-activation dividing for the signal obtaining in the negative control, which was considered to be 1-fold.
BoHV-4 IE2 Gene Is Involved in IL8 Promoter Activation
Because BoHV-4 gene expression was required for IL8 induction, the next step was to identify viral proteins that may transactivate the IL8 promoter. The most obvious viral gene to consider was IE2, because this is the first gene expressed by BoHV-4 after infection of host cells [17] , particularly in BESCs [15] . So, the ability of the BoHV-4 IE2 gene product, ORF50/Rta, to activate the IL8 promoter in BESCs was investigated. A fixed amount of the pIL8-Luc reporter plasmid was cotransfected with increasing amounts of the p2xCMVeIE2 effector plasmid, which highly expresses ORF50/Rta, or with pEGFP-C1 as a carrier DNA. To increase IE2 expression, the p2xCMVeIE2 construct possessing two 
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copies of a 427-bp sequence containing the hCMV enhancer but lacking the basal promoter (TATA box and transcriptional start site) was inserted in front of the 537-bp BoHV-4 IE2 promoter, because this is the minimal promoter required for maximal signal in the luciferase reporter assay (data not shown). To control for transfection efficiency and other experimental variations, a reporter plasmid constitutively expressing the Renilla luciferase (Promega), was included in each transfection. Data are reported as fold-activation by normalizing each luciferase signal to that of the pRenilla control, which is given the arbitrary value of 1-fold.
As shown in Figure 6B , the IL8 promoter was potently activated (;90-fold) by IE2 expression. The specificity of the promoter activation was assessed using different viral promoters (orf73, CMV, TK, PGK, and SV40) driving the luciferase reporter gene cotransfected with p2xCMVeIE2 or pEGFP-C1 as a negative control, and the induction was specific for pIL8-Luc (Fig. 6C ). Data were normalized as fold-activation dividing for the signal obtaining in the negative control, which was considered as 1-fold. Because the p2xCMVeIE2 contains the BoHV-4 IE2 gene that includes an intron coding for ORF49, which is transcribed in the opposite direction as ORF50 (Fig. 6A) [17] , it is possible that p2xCMVeIE2 transfected BESCs express both ORF49/Rta and ORF50/Rta products. So, the following constructs expressing only the ORF50 were employed: pCMV-ORF50-IRES-neo, which possesses the ORF50 coding region driven by the human CMV enhancer promoter, cloned into the bicistronic vector pIRES-neo (Clontech); pCMV-ORF50-IRES-hygro, which contains the ORF50 coding region driven by the human CMV enhancer promoter, cloned into the bicistronic vector pIRES-Hygro (Clontech); p2xCMVe-ORF50-IRES-neo, in which the CMV enhancer promoter in pCMV-ORF50-IRESneo was substituted with the 2XCMVeIE2 promoter of p2xCMVeIE2; and pCMV-ORF50/mCherry, in which ORF50 was fused in-frame with the mCherry living color protein in the pCMVmCherry vector (Clontech). Throughout, pEGFP-C1 was used as negative control. Using BESCs, 300 ng   FIG. 4 . A) Bos taurus chromosome 6 diagram (not to scale) with the IL8 gene promoter followed by exons and annotated by numbers. B) IL8 promoter sequence comprising the putative TATA box, the transcriptional start site (þ1), the untranslated region (gray highlight), and part of the coding sequence belonging to the first exon and primers (underlined) employed to clone the 2030-bp IL8 promoter.
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of each of these effector plasmids were cotransfected with 300 ng of pIL8-Luc reporter plasmid and 50 ng of pRenilla to control for transfection efficiency and other experimental variations as described above. The highest induction was observed with p2xCMVeIE2 (;95-fold), and significant inductions were obtained using pCMV-ORF50-IRES-neo (;50-fold), pCMV-ORF50-IRES-hygro (;60-fold), and p2xCMVe-ORF50-IRES-neo (;70-fold). However, pCMV-ORF50/mCherry did not give a significant induction compared with the pEGFP-C1 negative control, a result that is probably associated with changes in protein folding induced during fusion to mCherry (Fig. 6D) . Thus, a contribution, even if small, could be attributed to ORF49.
The results using the reporter system above indicated that the IE2 gene product, ORF50/Rta, activates the IL8 promoter in the absence of chromatin structure, because the assays were performed by transient transfection. To determine whether ORF50/Rta also activates the endogenous IL8 gene, p2xCMVeIE2 was transfected in BESCs, and the accumulation of IL8 in supernatants measured by ELISA at 48 h posttransfection. As shown in Figure 6E , IL8 accumulated in the BSEC supernatants in a dose-dependent manner in response to p2xCMVIE2.
BoHV-4 IE2 Gene Product, ORF50/Rta, Interacts with IL8 Promoter
To identify the IL8 promoter region responsive to ORF50/ Rta, a series of eight fragments from 2030 bp (bases À2000 to þ30) upstream of the transcriptional start site were amplified by PCR and cloned into the pGL3-Basic vector reporter plasmid. The promoter fragments in the resulting reporter plasmids shared the same 3 0 end, with the 5 0 beginning at bases À764, À575, À350, À305, À260, À215, À170, and À124. These plasmids were then cotransfected with the effector plasmids p2xCMVeIE2 and pRenilla into BESCs. Data are reported as the fold-induction by normalizing each signal to that obtained with pIL8-luc containing the full promoter in which the p2xCMVeIE2 effector plasmid was substituted with carrier DNA, such as pEGFP-C1 or the pGL-3 empty vector. The full response to ORF50/Rta was observed for fragments starting between bases À260 and À2000 (between ;80-and 95-fold). However, the IL8 promoter fragment starting at base À124 did not respond to ORF50/Rta, and the level of luciferase expression was similar to the unstimulated full promoter (starting at base À2000) (Fig. 7A) . Thus, an ORF50/Rta response element appeared to be contained between the IL8 promoter positions À260 and À124. To further confirm this observation, those 135 bp were deleted from the IL8 promoter, and the À1741 fragment was joined to the À124 promoter. As expected, this deletion abrogated the IL8 response to ORF50/ Rta (Fig. 7B) , and the luciferase signal obtained for the 135-bp deleted construct was comparable to the signal obtained for the full promoter cotransfected without the p2xCMVeIE2 effector plasmid. We then tested the ability of the 135-bp fragment to rescue the ORF50/Rta-responsiveness of the SV40 basic promoter, which is normally unresponsive to ORF50/Rta. The 135-bp fragment was subcloned as a single copy in either orientation or multimerized in front of an SV40 promoter driving a luciferase reporter gene. These constructs were cotransfected into BESCs with p2xCMVeIE2 and pRenilla, and luciferase expression compared with the control construct without the 135-bp fragment. The 135-bp fragment rescued the ORF50/Rta response, although to a lesser extent than observed for the full IL8 promoter, independent of orientation and with an additive effect when multimerized (Fig. 7C) .
DISCUSSION
Bovine herpesvirus 4 is tropic for the endometrium and the only virus consistently associated with postpartum metritis [1, [14] [15] [16] . The chemokine IL8 plays a central role for granulocyte trafficking [36] , particularly for attracting neutrophils into the bovine uterus [22] . The present study first confirmed that IL8 was constitutively expressed and secreted by BESCs and that BESCs infected with BoHV-4 accumulated IL8 in a time-and dose-dependent manner. However, the secretion of IL8 was dependent on viral gene transcription in the host cells, and BoHV-4 infection stimulated activity of the IL8 gene promoter. The induction of IL8 in BESCs by BoHV-4 infection was mediated by ORF50/Rta at the transcriptional level, and IL8 promoter serial deletion analysis revealed a specific region responsive to ORF50/Rta induction. Taken together, these observations may represent a host defense mechanism against viral infection or a virulence mechanism by which viral replication stimulates a chemokine to attract more susceptible host cells to the site of infection.
The function of IL8 is similar to those of structurally related chemokines, such as epithelial neutrophil activating protein 78 (ENA-78), growth regulated oncogene (GRO)-a, b, c, and macrophage inflammatory protein (MIP)-1 [37] [38] [39] . These IL8 UP-REGULATION IN BOVINE ENDOMETRIUM BY BoHV-4 925 chemokines mediate their effects through two main receptors: chemokine (C-X-C motif) receptor 1 (CXCR1; also known as IL8 receptor, alpha) and CXCR2 (also known as IL8 receptor, beta). CXCR1 binds IL8 with high affinity, whereas CXCR2 is more promiscuous and binds other related chemokines [40] . However, both receptors have been found to be expressed on bovine neutrophils [38] . Transmembrane signaling through CXCR1 and CXCR2 plays a role in many neutrophil ORF50 is formed by splicing of Exon I, beginning at the transcriptional start site (þ1, 62523) indicated by an arrow and containing the atg (62591), to exon II. ORF49 is contained within the ORF50 intron on the opposite strand. B) Dose-dependent activation of the IL8 promoter by IE2 gene product. BESCs were cotransfected with a fixed amount of target plasmid (pIL8-Luc, target), an increasing amount of effector plasmid (p2XCMVeIE2) pRenilla (100 ng), and a correspondingly decreasing amount of pGL3 basic vector so that the total amount of DNA cotransfected remained the same. C and D) Assessment of IL8 promoter response specificity to IE2 gene product using different target promoters driving luciferase reporter gene (pORF73-luc, pPGK-luc, pSV40-Luc, and pCMV-luc; C) or different effector constructs (pEGFP-C1, pCMV-ORF50/mCherry, pCMV-ORF50-IRES-Hygro, pCMV-ORF50-IRES-Hygro,p2xCMVe-ORF50-IRES-neo, and p2XCMVeIE2; D). For B through D, each reaction was done in quadruplicate; data are presented as the average 6 SD from three experiments. All data were normalized as fold-induction. E) Endogenous activation of IL8 gene by IE2 gene product. BESCs were cotransfected with an increasing amount of p2XCMVeIE2 and correspondingly decreasing amount of pGL3 basic vector so that the total amount of DNA cotransfected remained the same. IL8 concentration in the cells sovranatant was measured by ELISA.
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antimicrobial functions, including chemotaxis, degranulation, and the oxidative burst. For example, transfection of cell lines with cDNA for CXCR1 and CXCR2, followed by exposure to receptor agonists, revealed that both receptors stimulate changes in free Ca 2þ and granule enzyme release [41] . IL8 receptor polymorphism was associated with susceptibility to mastitis in cows [42] ; cows with a CC genotype at position þ777 exhibited impaired neutrophil migration, adhesion molecule up-regulation, and reactive oxygen species generation as well as increased survival by suppression of apoptosis [43, 44] . The polymorphism at position þ777 resulted in a histidine replacement of glutamine at amino acid residue 245, which occurs in the receptor's third intracellular loop. This polymorphism affects receptor activation, because the region is important for G-protein coupling and activation [45] . Based on these observations, it could be hypothesized that the same correlation made for cow's mastitis could be important for cow's postpartum metritis: IL8-unresponsive animals could have impaired metritis resolution, or from the opposite point of view, an overresponse to IL8 could implicate an overinflammatory status of the uterus, tending to a chronic state. BoHV-4-infected BESCs induced to secrete IL8 through ORF50/Rta up-regulating the IL8 promoter could fit with the latter hypothesis.
Infection with herpesvirus, as is the case with most viruses, normally stimulates the production of cytokines and chemokines, and some of the components of the immune system for viral subversion are ligands and receptors of the cytokines and chemokines network [46] . Several member of the herpesvirus family express glycoprotein G, a viral protein shown to interfere with a broad range of chemokines that appears to intercept chemokines at a different level [47] . BoHV-4, in contrast to other gammaherpesvirus, such as Murine Herpesvirus 68 (MHV-68), does not have genes coding for chemokine-binding protein [48] . This information and its ability to induce IL8 gene expression and secretion, highlighted here, further corroborate its role on the outcome of bovine postpartum metritis.
In conclusion, BoHV-4 infection appears to activate the IL8 gene promoter in BESCs via ORF50/Rta, leading to secretion of IL8. These observations may represent an endometrial defense mechanism against viral infection or a virulence mechanism by which viral replication stimulates a chemokine to attract more susceptible host cells to the endometrium. Therefore, targeting chemokines and/or their receptors might provide a successful therapeutic approach.
